INTRODUCTION
Livestock operations are sources of aerial emissions of gases, odor, and particulate matter In recent decades, intensive large-scale swine production has grown rapidly in the U.S. and other parts of the world. Most modern swine operations raise hogs in confinement buildings. The large number of animals raised in concentrated animal feeding operations (CAFOs) can affect air quality by emissions of odor, volatile organic compounds (VOCs) and other gases, and particulate matter (PM).
Previous studies focused mainly on total PM in swine housing. To date, still little is known about the odor-VOCs-PM interactions particularly for PM sizes of interest to regulatory agencies. In this study, headspace (HS) SPME combined with GC-MS-O system was used to identify VOCs and characterize the key odors adsorbed/absorbed on different size swine barn dust (PM-1, PM-2.5, PM-10 and the total suspended particulate (TSP)).
EXPERIMENTAL AND METHODS
Three collocated TEOM samplers were placed in one 2.4 m × 6 m pen reserved for this study. The building used for this study was designed to house pigs from 20 to 120 kg and during this study pigs averaged 60 kg. Pigs were present in all pens surrounding the pen containing the TEOM samplers.
Solid-Phase Microextraction
SPME extractions were performed with a manual fiber holder from Supelco. Screw-capped vials (40 mL) were used for storing used TEOM filters and for HS-SPME sampling. During SPME extraction the septum was pierced using the SPME needle and exposed the SPME fiber to the headspace for 3 hr. After extraction, the SPME fiber was removed from the vial and immediately inserted into the injection port of GC for analysis.
Gas Chromatograph -Mass SpectrometryOlfactory System
Multidimensional GC-MS-O (from Microanalytics, Round Rock, TX, USA) was used for all analyses. The system integrates GC-O with conventional GC-MS (Agilent 6890N GC / 5973 MS from Agilent, Wilmington, DE, USA) as the base platform with the addition of an olfactory port and flame ionization detector (FID). Mass/molecular weight to charge ratio range was set between 33 and 280.
RESULTS

Identification of VOCs Associated with Swine Barn PM
A total of 50 different compounds were identified, of which 21 have never been reported to be present in swine barn dust in previous studies. Some odorous compounds that have not been reported include pentane, methyl mercaptan, trimethyl amine, 3-pentanamine, diacetyl, dimethyl sulfone, styrene, 2-pentyl furan, and 2'-aminoacetophenone. The fifty compounds identified cover a wide range of polarity and molecular weight (34.08-234.39) and belong to nine chemical classes: alkanes (4), alcohols (4), aldehydes (8), ketones (7), acids (8), amines and nitrogen heterocycles (8), sulfides and thiols (3), aromatics(7) and furans (1). The main chemical classes involved in odorous emissions from swine buildings previous identified were also identified in this study: volatile fatty acids, aromatics (4-methyl phenol and 4-ethyl phenol), nitrogen heterocycles (indole and skatole), thiols and mercaptans. Five of the compounds identified are classified as hazardous air pollutants (HAPs): styrene, N, N-dimethyl-formamide, acetamide, phenol and 4-methyl phenol.
Characterization of Odor and Comparison of Odor Intensities Between PM-1, PM-10 and TSP
Comparison of the mean total odor, total odor/M, total odor/TSA and total odor/M/TSA between PM-1, PM-10 and TSP is similar to those for VOCs. TSP carried much more total odor than PM-1 and PM-10.
When total odor was normalized with the PM mass and the total surface area, the relative odor intensity of PM-1 was higher than that of PM-10 and TSP. This relationship was consistent with the VOC distributions discussed earlier in this paper.
Normalization of the odor intensity to PM mass and TSA resulted in distributions similar to those for VOCs and key odorants: PM-1 had much greater potential to be a carrier of odor than PM-10 and TSP, respectively, for all odorants except H2S. This could be due to the relatively low affinity of H2S to the Carboxen/PDMS fiber and low concentrations of H2S adsorbed by PM-1 below its published odor detection threshold of approximately 10 ppb.
CONCLUSION
The following conclusions were drawn from this study:
(1) HS-SPME coupled with GC-MSOlfactometry is a novel and effective analytical tool for identifying VOCs and odor associated with swine barn PM.
(2) A total of 50 different compounds were identified using HS-SPME-GC-MS-O approach, 21 out of which have been reported to be present in swine barn PM for the first time. The 50 compounds covered a wide range of polarity and molecular weight and belong to nine chemical classes.
(3) Key malodorants associated with swine barn PM include methyl mercaptan, isovaleric acid, 4-methyl-phenol, indole and skatole. TSP adsorbed a much more absolute amount of those compounds and odors than PM-10 and PM-1, respectively. However, when absolute amounts of compounds and odors were normalized by the PM mass and the total surface area, the values (area count/M/TSA) of those compounds showed significant difference. PM-1 had a greater capacity for characteristic VOCs and odors relative to PM-10 and TSP.
